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(54) Fiber optical plate for reading a fingerprint 

(57) The present invention provides a fiber optical 
plate comprising a first bundle of optical fibers (10a) 
with core and clad portions and (ii) a second bundle of 
optical fibers (30a) with core portions, clad portions, and 
an optical absort>er made of a material for absorbing the 
light leaking from the clad portions. The first bundle has 
a first input end surface which is inclined with respect to 
the center axis of the first optical ftoers by an angle at 
which incident light from within air is prevented frcMH 
being totally reflected by an interface between the core 
portion and the clad portion and a first output end sur- 
face which outputs, of light incident on the f irst input end 
surface by way of an object in contact with the input end 
surface. The second bundle has a second input end sur- 
face which is bonded to the first output end surface and 
a second output end surface which outputs, as an opti- 
cal imtage. Use: Rngerprint reader. 
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Description 

BACKGROUtsiD O^^ tHE fNVferMtlQN 

Field of the Invention v ^ -r^i- .-^^ , 

The present invention >elates to a fiber bptical plate unrtediy formed as a plurality of optical f befe are bundled 
together. 

Related Background Art 

Conventionally, ais described in United States Patent Na 4,932,776, for example, a fiber optical plate (FOP) in 
which numerous optical fibers are bundled and united together has been known. A light source is disposed near this 
FOP such that illumination light enters the FOP toward its input end surface from a tapered section positioned between 
the input end surMce and its output end surface. When a fingertip of a person comes into close contact with this input 
end face which acts as a detection surface, an irregularity pattern of the surface area of the finger in contact witii this 
input end surface is projected onto the output end surface. As a result, a pattern image of a fingo-print can be read out 
by CCD (Charge Coupled Device), for example: 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a fiber optical plate which can improve tfie S/N of a pattern image 
detected after being transmitted from its input end surface to output end surface. 

In order to attain ihe above-mentioned object, the present invention provides a fiber optical plaite which is unitedly 
formed by a plurality of optical fibers bundled together and comprises (i) a first unit formed by a plurality of first optical 
fibers which are bundled together and include a core portion and a clad portion covering the outer periphery of tiie core 
portion and (ii) a second unit optically coupled to tiie first unit and formed by a plurality of second optical fibers which 
are bundled together and include a core portion, a clad portion covering tiie outer periphery of tiie core portion, and an 
optical absorber which covers the outer periphery of the clad portion and is made of a nnaterial for absorbing tiie light 
leaking from the clad portion. 

The first unit has a first input end surface which is inclined with respect to tiie center axis of tiie plurality of first opti- 
cal fibers by an angle at which incident light from wittiin air is prevented from being totally reflected by an interface 
between tiie core portion and the clad portion of the plurality of first optical fibers and a first output end surface which 
outputs, of tight incident on the first input end surface by way of an object in contact with tiie first input end surface, a 
light component arriving tiiere after being transmitted tfirough tiie plurality of first optical f toers. The second unit has a 
second input end surface which is bonded to the first output end surface and a second output end surface which out- 
puts, as an optical image, light an-iving tiiere after entering the second input end surface and tinen being transmitted 
through tiie plurality of second optical fibers. 

In such a fiber optical plate, when the angle of inclination of the first input end surface is set to tiie condition men- 
tioned above in tiie first unit, the light which has entered the core portion of tiie first optical fiber from the input end sur- 
face after being propagated tiirough tiie air is gradually attenuated as being propagated through tiie core portion, such 
that it is hardly output from tiie first output end surface. 

Here, when a surface of an object is in close contact with the first input end surface, light fansmitted through or 
reflected by the contact area of the input end surface in contact with this object is transmitted through the core portion 
of the first optical fiber. Also, a part of the light fransmitted through the first unit may leak from the first optical fiber 
through which it should be transmitted and then may enter its neighboring first optical fiber so as to be transmitted there- 
through. Such a light component, which becomes a noise source, may enter tiie second unit as it is. Since the second 
optical fiber constituting tiie second unit has the optical absorber covering the outer periphery of the clad portion, ttie 
light which becomes a noise source is absorbed by the optical absorber. 

On tiie other hand, tiie light transmitted through the first unit includes a light component reflected by the first input 
end surface witii an angle at which tiie total reflection condition at the interface between the core portion and the clad 
portion is satisfied. Accordingly only the light transmitted tiirough or reflected by tiie contact area is output from the sec- 
ond output end surface of the second unit. Also, light which becomes a noise source is eliminated in tiie process of 
being transmitted tiirough the second unit. 

Here, preferably, the angle of inclination of the first input end surface is set such ttiat a light-receiving angle 0* is 
generated for tiie plurality of first optical fibers based on tiie critical angle of reflection at which the light incident on tiie 
clad portion from the core portion within the plurality of first optical fibers is subjected to total reflection and the critical 
angle of refraction generated by the light incident on the core portion of the plurality of first optical fibers from within tiie 
air at an incident angle of 90^. 
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Also, preferably, the plurality of the secorxJ optical fibers are disposed with their center axis direction coiridifing with . 
the center axis direction of the plurality of first optical f bers. 

' Preferably, the first output end surface is inclined with respect to the center axis direction of the plurality of fn^st optir 
cal fbers by an angle which becomes 90' when the angle of inclination of the first input end, surface is ackJed: thereto. . - . 

Also, preferably, the second output end surface is inclined with respect to the center axis direction of the plurality of 
secorri optical f bers by an angle which becomes 90*.when the angle of inclination of the first input end surface is added. ; 
thereto. 

Preferably, the fiber optical plate of the present invention further comprises a third unit optically coupled to the sec-,< . 
ond unit and formed by a plurality of third optical fibers which are bundled together and include a core portion and a clad 
portion covering the outer periphery of ;the core portion, while the third unit has a third input end surface, which is 
bonded to the second output end surface, and a third output end surface which outputs, as an optical image, light arriv- . 
ing there after entering the third input end surface and then being transmitted through the plurality of third optical fbers, 
with a diameter which becomes smaller from the third input end surface toward.the third output end surface. . , 

Also, preferably, the fiber optical plate of the present invention further conprises a third unit optically coupled to the 
second unit and formed by a plurality of third optical fbers which are Ixjndled together and include a core portion and . 
a clad portion covering the outer periphery of the core portion, while the third unit has a third input end surface, which . 
is bonded to the second output end surface, and a third output end surface which is inclined with respect to the center 
axis cfirection of the plurality of third optical fibers by an angle, which becomes 90* when the angle of inclination of the 
first input end surface is added thereto, and outputs, as an optical image, light arriving there after entering the third input: 
end surface and then being transmitted through the plurality of third optical fibers. 

In this case, desirably, the fiber optical plate of the present invention further comprises a fourth unit optically cpu- , 
pled to the third unit and formed by a plurality of fourth optical fibers which are bundled together and include a core por- 
tion and a clad portion covering the outer periphery of the core portion, while the fourth unit has a fourth input end 
surface, which is bonded to the third output end surface, and a fourth output end surface which outputs, as an optical 
inrage, light arriving there after entering the fourth input end surface and then being transmitted through the plurality of 
fourth optical f toers, with a diameter which becomes smaller from the fourth input end surface toward the fourth output 
end surface. 

The present invention will be more fully understood from the detailed desaiption given hereinbelow and the accom- 
panying drawings, which are given by way of illustration only and are not to be considered as limiting the present inven- 
tion. 

Further scope of applicability of the present invention will become apparent from tiie detailed description given 
hereinafter. However, it should be understood tiiat the detailed description and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by way of illustration only, since various changes and modifications 
witiiin tiie spirit and scope of the invention will be apparent to those skilled in tiie art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a configuration of a ftoer optical plate in accordance with a first embodiment 
of tine present invention; 
:j^:iRg. 2 is a side view showing the configuration of the fiber optical plate of Fig. 1 in detail; 
T ; Fig. 3 is an enlarged plan view showing an end surface of the optical fiber section an-anged along tiie input and out- 
put end surfaces of a slant FOP or tapered FOP in the fiber optical plate of Fig. 1 ; 
/x. Fig. 4 is an enlarged cross-sectional view showing a partial configuration Of an absorbing FOP of the fiber optical 
. plate in Fig. 1 near its input end surface along the light advancing direction; 
Fig. 5 is an enlarged plan view showing an end surface of the optical fiber section an^anged along the input ard out- 
put end surfaces of the absorbing FOP in the fiber optical plate of Fig. 1 ; 

Fig. 6 is an enlarged aoss-sectional view showing a partial configuration of the slant FOP in Fig. 1 near its input 
V end surface along the light advancing direction. 

Fig. 7 is an enlarged cross-sectional view showing a partial configuration of tiie slant FOP and absorbing FOP of 
. : the fiber optical plate in Fig. 1 near its input end surface along ttie light advancing direction. 
■ vvRg. 8 is a side view showing a configuration of a fiber optical plate in accordance witii a second embodiment of the 

present invention; . . 

Fig. 9 is a side view showing a configuration of a fiber optical plate in accordance with a third emlxxJiment of the 
present invention; 

Rg. 1 0 is a side view showing a configuration of a fiber optical plate in accordance with a fourth emkxxdiment of tiie 
present invention; and 

Fig. 11 is a side view showing a configuration of a fiber optical plate in accordance witii a fifth embodiment of the 
present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In the following, configurations and operations of various errtxxJimehts concerning the fiber optical plate of the 
present ihventibn will be (explained in detail with reference to Rgs. 1 to 11. Here, in the explanation of the drawings, cbn- 
stituente identical to each other will be referred to with marks identical to each other without repeating their overlapping 
explanations. Also, ratios of sizes in the drawings do not always correspond to those in the explanations. 

Rrst Enfeodiment 

As shown in Figs. 1 and 2. afibei' optical plate (FOP) la of this embodiment is used as part of a photosensor sec- 
tion for a fingerprint reader. This FOP 1a is constituted by a plurality of units optically coipled to each other in succes- 
sion along the light advancing direction, such that a slant FOP (slant unit) 10a. an absorljing FOP (absorbing unit) 20a, 
and a tapered FOP (tapered unit) 30a are unitedly formed together with their respective end faces being joined to each 
other. Namely, an output end surfabe 3 of the slant FOP 10a and an input end surface 22 of the absorbing FOP 20a are 
bonded and fixed together by means of a light-transmitting adhesive. Ah output end surface 23 of the absorbing FOP 
20a and an input end surface 32 of the tapered FOP 30a are bonded and fixed together by means of a light-transmitting 
adhesive. Here, for convenience, the directions of fibers within various FOPs are indicated by continuous lines in a side 
surfaceof the FOP 1a. 

As shown in Fig. 3. the slant FOP 10a is unitedly formed by a plurality of optical fibers which are bundled together 
and comprise a core 5 through which incident light is propagated and a clad 6 covering the outer periphery thereof, 
while being shaped like a triangle pole as a whole. In this slant FOP 10a, the output end surface 3 has been cut per- 
pendicular to the optical axis (center axis) of the optical fibers, while its input end surfaced has been cut with respect 
to the optical axis (center axis) of the optical fibers at a predetermined angle (slant angle) p (0*<p<90*). This slant angle 
p of the input end surface 2 will be explained in detail later. 

As shown in Figs. 4 and 5, the absorbing FOP 20a is unitedly formed by a plurality of optical fibers which are bun- 
dled together and comprise the core 5 through which incident light is propagated, the dad 6 covering the outer periph- 
ery thereof, and an optical absorber 7 covering the outer periphery of the clad 6, while being shaped like a flat plate as 
a whole. As the optical at>sorber 7 is disposed at this position, so-called stray light generated by the light leaking from 
the core 5 and then being propagated through its neighboring optical fiber is absorbed by the optical absorber 7. 
Accordingly, the neighboring optical fibers are optically insulated from each other by this optical absorber 7. 

Also, the input end surface 22 of the FOP 20a is bonded to the output end surface 3 of the slant FOP 1 0a so as to 
be in close contact with each other such that their respective directions of optical f it>ers are klentical to each other. Here, 
as the optical fiber constituting the FOP 20a, an optical fiber having an N. A. (numerical aperture) which is the same (or 
effectively the same) as or smaller than that of the optical fiber constituting the slant FOP tOa and a size which is the 
same as or smaller than that of the latter is used. 

As shown in Fig. 3. the tapered FOP 30a is unitedly formed by a plurality of optical fibers which are bundled 
together and comprise the core 5 through which incident light is propagated and the clad 6 covering the outer periphery 
thereof, while having a taper form in which its diameter continuously reduces from the input end surface 32 toward its 
output end surface 33. The input end surface 32 of this tapered FOP 30a is bonded to the output end surfece 23 of the 
absorl5ing FOP 20a. Consequently, an optical image input from the absorbing FOP 20a to the tapered FOP 30a 
reduces its size as being propagated through the tapered FOP 30a. whereby thus reduced image (object image) is 
obtained from the output end surface 33 of the tapered FOP 30a. Accordingly, when a light source 60 is disposed so as 
to face a bottom surface 4 of the slant FOP 10a, a CCD 40 attached to the output end surface 33 of the tapered FOP 
30a can detect the reduced image. 

Here, the cores 5. dads 6, and optical absorbers 7 in the FOPs 10a. 20a, and 30a are made of respectively com- 
mon materials. Namely, the core 5 is an F2 glass and has a refractive index of 1 .56. The clad 6 is a soda lime glass and 
has a refractive index of 1 .52. The optical absorber 7 is a black glass. 

Rg. 6 shows a vertical cross section of the slant FOP 10a. In this drawing, no. n^. and n indicate the refractive index 
of the core 5, the refractive index of the clad 6. and the refractive index of the air surrounding the slant FOP 1 0a. respec- 
tively. In the slant FOP 1 0a of this embodiment, the slant angle p of the input end surfece 2 is defined such that the light- 
receiving angle becomes 0°. Namely, the slant angle p is set to an angle at which no total reflection occurs at the inter- 
face between the core 5 and the clad 6 when light is incident thereon at any angle from within the air. 

Assuming that the critical angle of reflection at the interface between the core 5 and the clad 6 is 6^. that the critical 
angle of refraction at the interface between the air and the core 5 is 62, and that the critical angle of reflection at the 
interface between the air and the core 5 satisfying the critical angle of reflection is 83. maximum value Po 0^ the slant 
angle p can be determined by the following equations (1) to (4): 



noSine^=n^sin90** [condition for total reflection! 



(1) 
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*■ n5Stne2=n sin50* (condition for ligW^^ . : (2). 

Po+(90'+e2)+(90«-e^)=180^ ^ ' . (3) 

/ ; e3+{PoK90*-e,)}=90- . : ^ ; . . . (4) 

In this case, since no=1 .56; ni=1 .52. and n=t, ei=77.0*. 02=39.9**; 63=65.9*, and Po=37:r are determined. Accord- 
ingly, it is detemnined that the slant angle p of the input end surface 2 should be set to a value not higher than the Po 
valued 37.1*. 

When; as shown in Rg: 2, the light source 60 is disposed so as to face the lower surface.4 of the slant FOP 10a ; 
such that illumination light enters.this bottom surface 4 toward the input end surface 2, a light conponent which enters : 
the clad 6 from the core 5 at an incident angle smaller than the 0i value of 77.0* is prevented from being totally reflected 
by the interface between the core 5 and the dad 6 and thus escapes from the f toer while being refracted. 

Here, when the slant angle p of the input end surface 2 is set at 35*. in order to satisfy the total reflection condition 
at the interface between the core 5 and the dad 6, 82=42* and 83=68* are obtained from the above equations (3) and 
(4). Namely, the incident angle of the illumination light ent^-ing the input end surface 2 should be within the range of 42* 
to68^ ■ : ■ - ■ 

Rg; 7 shows a vertical cross section of the Ix^nded portion between the slant FOP 10a and the absortjing FOP 20a. 
The light rays corresponding to the upper and lower limits of the above-mentioned incident angle advance as indicated 
by lines a-a* and b-b\ respectively. The light ray incident on the input end surface 2 at an angle smallw: than the angle 
82 is emitted from the input end'surface 2 along a path indicated by line e-e\ Ihe light ray incident on the input end sur- 
face 2 at an angle greater than the angle 83 is reflected by the input end surface 2 and enters the clad 6 along the path 
indicated by line c-c'. Since it is incident on the interface between the core 5 and the dad 6 at an angle greater than the 
angle 8^ . it advances while being repeatedly refracted as it is without being totally reflected by the interface between the 
core 5 and the clad 6. Here, the illumination light directly emitted toward the output end surface 3 similarfy advances 
along the path indicated by line d-d\ 

The light rays represented by these paths c-c' and d-d' are emitted from the side surfaces of the slant FOP 10a to 
the outside as stray light and then enter the absorbing FOP 20a. In this case, as depicted, they enter the optical 
absorber 7 of the absorbing FOP 20a and are absorbed thereby so as to be extinguished. Thus, since the stray light 
propagated through the slant FOP 10a is absorbed and extinguished in the process of being propagated through the 
absorbing FOP 20a. such stray light is prevented from entering the tapered FOP 30a. 

Accordingly, even when the illumination light which has entered the slant FOP 10a from the light source 60 is nearly 
diffused light, the light output from the output end surface 33 of the tapered FOP 30a does not include a component 
reflected by the input end surface 2 of the slant FOP 10a other than the signal component. As a result, the object image 
from which unnecessary light has been eliminated is incident on the CCD 40. whereby an image with an improved S/N 
is detected. 



Second Embodiment 

As shown in Rg. 8. an FOP 1b of this embodiment is also used as a photosensor of a fingerprint reader or the like. 
A slant FOP 10b. an absoriDing FOP 20b. and a tapered FOP 30b constituting this FOP lb are formed similar to the 
slant FOP 10a. the absorbing FOP 20a. and the tapered FOP 30a in the above-mentioned first embodiment, respec- 
tively. 

In this embodiment, however, unlike the first embodiment a slant FOP 10b' is unitedly held between the absorbing 
FOP 20b and the tapered FOP 30b such that their respective end faces are bonded together. Namely, the input erid 
surface of the slant FOP 10b' is fixed to the output end surface of the absorbing FOP 20b by means of a light-transmit- 
ting adhesive. The output end surface of the slant FOP 10b' is fixed to the input end surface of the tapered FOP 30b by 
means of a light-transmitting adhesive. 

The slant FOP 10b' positioned at a later stage is formed substantially similar to the slant FOP 10b positioned in a 
front stage so as to be shaped like a triangle pole as a whole. In this slant FOP 1 0b', however, contrary to the slant FOP 
10b. the input end surface is cot perpendicular to the optical axis of the optical fibers, while the output end. surface is 
cut with respect to the optical axis of the optical fibers at a predetermined slant angle Y=90*-p (0*<y<90*). 

Therefore, the input end surface 2 of the slant FOP 10b and the output end surface 33 of the tapered FOP 30b are 
positioned orthogonal to each other. Accordingly, the FOP lb as a whole can be disposed within a thickness h of the 
slant FOP 10b. absorbing FOP 20b. and slant FOP 10b' in the normal direction of the input end surface 2, 

Third Embodiment 



As shown in Fig. 9. an FOP 1c of this embodiment is also used as a photosensor of a fingerprint reader or the like. 
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A tapered FOP 30c constituting this FOP icis formed similar to the tapered FOP 30a in the above-mentiohed first 
embodiment. However, a slant FOP 10c and an absorbing FOP 20c are configured to be different from the slant FOP 
1 0a and the absorbing FOP 20a in the f irst embodiment, respectively. ^ , 

In the slant FOP 10c. unlike the slant FOP 10a, the output end surface is cut with respect to the optical axis of the 
optical fibers at a predetermined slant angle T=90°-p {0*<y<90*). Also, in the absorbing FOP 20c. unlike the absorbing 
FOP 20a. each of the input end surface and output end surface is cut with respect to the optical axis of the optical fibers 
at the predetermined slant angle Y- Narriely, the absorbing FOP 20c has a parallelogram cross section along the light 
advancing direction, while having a fiber direction identical to that of the slant FQP 10c. 

Therefore, the input end surface 2 of the slant FOP 1 0c and the output end surface 33 of the tapered FOP 30c are 
positioned orthogonal to each other: Accordingly, the FOP 1c as a whole can be disposed within the thickness of the 
slarrt FOP 10c and absorbing FOP 20c in the normal direction of the irput end surfa^ 

Fourth Embodiment 

As shown in Fig. 10, an FOP Id of this embodiment is also usedas a photosensor of a fingerprint reader or the like, 
A slant FOP lOd and a tapered FOP 30d constituting this FOP 1d are formed similar to the slant FOP 10a and the 
tapered FOP 30a in the above-mentioned first entKxiiment. However, an absorbing FOP 20d is configured to be differ- 
ent from the absorbing FOP 20a in the first en^iment. 

In the absorbing FOP 20d. unlike the absorbing FOP 20a. the output end surface is cut with respect to the optical 
axis of the optical ftoers at a predetermined slant angle Y=90*-p (0''<:y<90*»). The absorbing FOP 20d has a right- 
angled triangular cross sectfon along the light advancing direction, while having a fiber direction identical to that of the 

slant FOP 10d. ^^^^^^^ 

Therefore, the input end surface 2 of the slant FOP lOd and the output end surface 33 of the tapered FOP 30d are 
positioned orthogonal to each other. Accordingly, the FOP Id as a whole can be disposed within the thickness of the 
slant FOP lOd and absorbing FOP 20d in the normal direction of the input end surface 2. 

Frfth Embodiment 

As shown in Fig. 11 . an FOP 1 e of this embodiment is also used as a photosensor of a fingerprint reader or the like. 
An absorbing FOP 20e constituting this FOP 1e is formed similar to the absorbing FOP 20a in the above-mentioned 
first en^iment. However, its slant FOP lOe is configured so as to have both functions of the slant FOP 10a and 
tapered FOP 30a in the first embodiment. 

Unlike the slant FOP 10a. the slant FOP lOe has a portion with a funnel-like form whose diameter gradually 
decreases from the input end surface 2 toward the output end surface 3. Also, the light-receiving section of the CCD 40 
is bonded to the output end surface 23 of the absorbing FOP 20e. Further, two illumination light sources 70a and 70b 
are disposed behind the tapered portion of the slant FOP lOe such that illumination light is incident on the input end 
surface 2 by way of the side surfaces of the slant FOP 1 0e. 

As explained in the foregoing, in the fiber optical plate in accordance with the present invention, the second unrt 
equipped with an optical absorber is disposed at the output end surface of the first unit. Accordingly, even when signal 
light leaking to the neighboring optical fiber, so-called stray light, is generated in the first unit, such stray light can be 
eliminated in the second unit. Therefore, the S/N of the output image obtained by way of the second unit can be 

improved. u • 

From the invention thus desaibed, it will be obvious that the invention may be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and scope of the invention, and all such modHications as would be 
otjvious to one skilled in the art are intended for inclusion within the scope of the following claims. 

The basic Japanese Application No. 144758/1995 (7-144758) filed on June 12, 1995 is hereby incorporated by ref- 
erence. 

Claims 

1 , A fiber optical plate which is unitedly formed by a plurality of optical fibers bundled together, said fiber optical plate 
comprising: 

a first unit formed by a plurality of first optical fibers which are bundled together and include a core portion and 
a clad portion covering an outer periphery of said core portion and 

a second unit optically coupled to said first unit and formed by a plurality of second optical fibers which are bun- 
dled together and include a core portion, a clad portion covering an outer periphery of said core portion, and 
an optica! absorber which covers an outer periphery of said clad portion and is made of a material for absorb- 
ing light leaking from said clad portion. 
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wherein said first Unit has a first input end surface which is inclined with respect to a center axis of said plurality 
of first optical fibers by an angle at which incident light from within air is prevented from being totally reflected 
by an interface between said core portion and said dad portion of said plurality of first optical fibers and a first 
output end surface which outputs, of light incident on said first input end surface by way of an object in contact 
with said first input erxJ surface, a light cortponent arriving there after being transmitted through said plurality . 
of first optical fibers and - r ^^; : 

wherein said second unit has a second input end surface which is bonded to said first output end surface and 
a second output end surface which outputs, as an optical image, light arriving there after entering said second 
input end surface and then being transmitted through said plurality of second optical fillers. 
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2. A f toer optical plate according to claim 1 . wherein the arigl^ of inclination of said first input end surface is set such 
that a light-receiving angle 0* is generated for said plurality of first optical fibers based on a critical angle of reflec- 
tion at which light incident on said dad portion from said core portion within said plurality of first optical fibers is sub- 
jected to total reflection and a critical angle of refraction generated by light inddent on said core portion of said 

15 plurality of first dptical f toers from within tiie air at an incident angle of 90*. 

3. A fiber optical plate according to daim 1, wherein said plurality of second optical fibers are disposed witti their 
center axis directiori coinciding with a center axis direction of said plurality of first optical fibers. 

20 4. A f toer optical plate according to daim i ; wherein said first output end surface is inclined with respect to a cienter 
axis direction of said plurality of first optical fibers by an angle which becomes 90* when the angle of inclination of 
said first input end surface is added thereto. 

5. A f toer optical plate according to daim i , wherein said second output end surface is inclined with respect to a center 
25 axis direction of said plurality of second optical fibers by an angle which becomes 90** when tiie angle of indination 

of said first input end surface is added thereto. 

6. A fiber optical plate according to daim 1, further conprising a third unit optically coupled to said second unit and 
formed by a plurality of third optical fibers which are bundled togetiier and include a core portion and a dad portion 

30 covering an outer periphery of said core portion, wherein said tiiird unit has a tiiird input end surface, which is 
bonded to said second output end surface, and a tiiird output end surface which outputs, as an optical image, light 
arriving tiiere after entering said third input end surface and then being transmitted tiirough said plurality of third 
optical fibers, said third unit having a diameter which becomes smaller from said third input end surface toward said 
third output end surface. 

35 

7. A filler optical plate according to claim 1 , furttier conprising a tiiird unit optically coupled to said second unit and 
formed by a plurality of third optical fibers which are bundled togetiier and include a core portion and a dad portion 
covering an outer periphery of said core portion, wherein said tfiird unit has a third input end surface, which is 
bonded to said second output end surface, and a tiiird ouput end surface which is inclined with respect to a center 

40 axis direction of said plurality of third optical fibers by an angle, which becomes 90* when ttie angle of inclination 
of said first input end surface is added tfiereto. and ouputs. as an optical image, light arriving tiiere after entering 
said third input end surface and then being transmitted ttirough said plurality of third optical fibers. 

8. A fiber optical plate according to daim 7. further comprising a fourth unit optically coupled to said third unit and 
45 formed by a plurality of fourth optical fibers which are bundled togetiier and indude a core portion and a dad por- 
tion covering an outer periphery of said core portion, wherein said fourth unit has a fourth input end surface, which 
is bonded to said tiiird ouput end surface, and a fourtii ouput end surface which outputs, as an optical image, light 
arriving there after entering said fourtii input end surface and ttien being transmitted ttirough said plurality of fourtii 
optical fibers, said fourtii unit having a diameter which becomes smaller from said fourth input end surface toward 

50 said fourth ouput end surface. 
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